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ABSTRACT 
When we design a valve system there are many design factors and their values to decide. 
Generally, design factors which affect the whole performance of compressors are strongly related 
to each other so we can't decide the value of each design factors respectively. 
In order to decide the optimum value (among levels) of those factors simultaneously and 
reduce the number of experiments we applied robust design of experiment in this paper. 
Thereby we performed the experiment with great efficiency and found out that the degree of 
contribution of each factors to the whole performance of compressors quantitatively. 
By applying this experimental method (robust design of experiment) we developed highly 
efficient valve system for refrigeration compressors relatively short time and with low cost 
compare to conventional development process. 
INTRODUCTION 
Compressors are core part of refrigeration cycle and refrigeration capacity and performance 
of whole system are affected by them. In this respect, studies about improvement of efficiency of 
compressor have continuously performed. 
And because the green house effect of the earth has been accelerated, demands for highly 
efficient electric home appliances have been increased. In household refrigerators, power 
consumption of compressors occupy over 80% of whole power consumption of refrigerators. So it 
is evident that development of efficient compressor is essential for making refrigerator which 
have low power consumption. 
For improving efficiency of compressor, we have to decide many values of design factors. 
At this stage, not only are simulation(theoretical) methods used, but also experimental methods 
are used. But it is very difficult to find the exact value of design factors by theoretical method 
only. Because, there are many assumptions to simulate real systems, we usually use theoretical 
methods to find trends and predict design values qualitatively. And finally, experimental mer:hods 
are used to find exact value of design factors. In this paper, we focused on experimental method. 
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Fig. 2 Initial Deflection and Twisting of Suction Valve 
In Fig. 2 we measured initial deflection and twisting of suction value with a projection 
measurement system. 
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OVERVIEW OF THE EXPERIMENT 
Pumose of the Experiment 
The purpose of this experiment was improving performance of compressor by optimization 
of valve system. Especially we concentrated our experiments on design factors of suction port. 
So we fixed the specification of discharge port and changed the level (value) of factors of 
suction port. 
Method of the Experiment 
We used 'tables of orthogonal arrays' and found the optimal value of design factor through 
analysis of SN ratio. 
Measurement and Analvsis of Result Values 
Because the purpose of this experiment is improving efficiency of compressor, we chose the 
COP as 'result values (or characteristic values)'. 
The higher the value of COP, the more efficient of the compressor is. So, we used 
'large-is-better characteristics' for analyzing the result values. We calculated the SN ratio of 
result values with large-is-better characteristics as follows 
SN = -10 log(~ ~1 ;/) (dB) (1) 
Determination of Design Factors and Levels 
In this experiment L 9 (3
4
) table of orthogonal arrays was used. 
Table 1. shows the design factors and levels which were chosen. Differences between 
samples were used as a noise factor. Design factors are factors that can be controlled at the 
stage of R&D and mass production. Noise factors are factors that cannot be controlled at the 
state of mass production. 
Table 1. Factors and Levels 
~ Shape of Suction Area of Suction Initial deflection of Initial Twisting of Port Port Suction Valve Suction Valve s 
2 Circles Type 100% 0 0 
0 
(Conventional) ( 31.81 mm2 ) (Conventional) (Conventional) 
115% 
1 Walnut Type 
( 36.58 mm2 ) 
0.3 0.3 
130% 
2 1 Circle Type 
( 41.35 mm2 ) 
0.6 0.6 
113 
RESULTS OF EXPERIMENTS 
Calorie Test Results 
Table 2 Results of Calorie tests 
:s:: Initial Shape of Area of Deflection Initial Twisting of Suction Noise SN Ratio Suction Port Suction Port of Suction Valve s Valve 
2 Circles 100% 0 0 
0 
(Conventional) (Conventional) (Conventional) (Conventional) 
No.1 Sample No.2 Sample 
1 Walnut 115% 0.3mm 0.3mm 
2 1 Circle 130% 0.6mm 0.6mm COP Value COP Value 
l(Conv.) 0 0 0 0 137.1 138.1 48.79 
2 0 1 1 1 137.0 140.7 48.87 
3 0 2 2 2 137.1 139.5 48.84 
4 1 0 1 2 136.3 137.4 48.75 
5 1 1 2 0 138.0 139.6 48.87 
6 1 2 0 1 139.1 140.2 48.92 
7 2 0 2 1 139.4 143.5 49.03 
8 2 1 0 2 141.4 144.6 49.13 
9 2 2 1 0 143.0 144.4 49.17 
T 440.37 
Calculation of SN Values 
We calculated SN ratio of each design factors by equation (1). as follows. 
Table 3. SN Ratio of Each Factors (Units : dB) 
Factors Shape of Suction Area of Suction Initial deflection of Initial Twisting of 
Levels Port Port Suction Valve Suction Valve 
146.5 146.57 
0 







Range 0.83 0.36 0.10 0.11 
Contribution 
59.3% 25.7% 7.1% 7.9% 
(%) 
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Ootimal Combination of Design Factors 
From the result of Table. 3 we got an optimal combination of design factors as follows. 
Table. 4 Optimal Combination of Design Factors 
I'Z~ Shape of Area of Initial deflection of Initial Twisting of Suction Port Suction Port Suction Valve Suction Valve 
Optimal 
1 Circle Type 
Combination 
130% Omm Omm 
Calculation of SN Value of lmoroved Tvoe 
And we calculated the SN value of conventional type and improved type. 
Conventional type 
Ao + B0 + C0 + Do 3T 
146.5 + 146.57 + 146.84 + 146.83 _ 3 X 440.37 
~3- 3 3 3 9 48.79 (dB) 
Same SN value with the experiment No.1 ) 
hnproved type 
}.t A1 + B1 + C0 + Do 3 T 
= 147.33 + 146.93 + 146.84 + 146.83 _ 3 X 440.37 3 3 3 3 9 49.19 (dB) 
We improved 0.4dB of SN value. 
Replication Exoeriment with Optimal Combination of Factors 
We assembled the compressor with optimal combination of design factors and performed 
calorie tests to verify the calculated results. 
Table. 5 Comparison of Conventional Compressors and Improved Compressors 
~ Conventional Optimized Type Balance Type . 
1 137.3% 142.1% +4.8% 
2 138.5% 144.3% +5.8% 
Avg. 137.9% 143.2% +5.3% 
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CONCLUSIONS 
1. We obtained an optimal combination of design factors with great efficiency and found out the 
degree of contribution of each factors to the whole performance of compressor quantitatively. 
2. By applying this experimental method (robust design of experiment), we improved 5.3% of 
COP value. 
3. As a result we developed a very efficient valve system for refrigeration compressor in short 
time and with low cost with respect to conventional development process. 
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